In a double blind placebo controlled 3-year osteoporosis study in elderly women, we collected prospective data on falls. The study population comprised 489 normal elderly women aged 65-77 years randomized to four groups: placebo, calcitriol 0.25 mcg b.i.d., conjugated equine estrogens (0.625 mg/day) and calcitriol + estrogen. Falls occurred in 57% of all women.
Introduction
Falls in elderly people represent a serious public health problem in United States. Approximately 30% of people over age of 65 and 50% over age 80 years fall each year and 10% of falls cause fractures. There is increasing data relating falls and decreased muscle strength to changes in vitamin D metabolism and decreasing renal function. A possible link between these two observations is that the decrease in renal function with age measured by creatinine clearance (CrCl) is associated with a decrease in production of 1,25-dihydroxyvitamin D together with a decrease in vitamin D receptors (VDR) in muscle.
We showed earlier that treatment with 1,25-dihydroxyvitamin D (calcitriol) vitamin D significantly reduced the risk of falls in elderly women [1, 2] and now this has been confirmed in men and women using alphacalcidol [3, 4] .
A creatinine clearance of <65 ml/min has been recently reported as a significant risk factor for falls and increased risk of vertebral, hip and radial fractures in elderly men and women treated for osteoporosis [5, 6] . Treatment with alphacalcidol significantly reduced the number of fallers and falls in a group with low CrCl (<65 ml/min) [4] .
In an osteoporosis intervention trial primarily designed to test the efficacy of conjugated estrogens and calcitriol given alone or in combination on bone loss, we had the opportunity to collect prospective data on the incidence of falls and the effect of estrogen, calcitriol and combination (calcitriol + estrogen) therapies on fall incidence. We have shown that a CrCl <60 ml/min is associated with a 60% increase in falls. In this paper we examine different levels of CrCl in relation to falls. 
Materials and methods
Four hundred and eighty-nine elderly women aged 65-77 years were enrolled into a prospective double blind randomized placebo controlled clinical trial (STOP IT) lasting 3 years to test the efficacy of conjugated equine estrogens and calcitriol given individually or in combination, on bone loss [1] . Women were excluded if they had severe chronic illness (chronic liver or kidney disease, severe COPD, severe rheumatoid arthritis, serious heart failure), had primary hyperparathyroidism or active renal stone disease, were on certain medications, such as bisphosphonates, anticonvulsants, estrogen, fluoride, or thiazide diuretics in the previous 6 months. Women were randomized to one of four groups; conjugated equine estrogens 0.625 mg/daily (Premarin) (medroxyprogesterone acetate 2.5 mg/day (Provera) was added if the women had a uterus), calcitriol 0.25 mcg twice daily, and the combination of both or placebo. Four hundred and eighty-nine women were randomized to treatment. Four hundred and fifteen came in for a final visit at 3 years. Creighton University Human Institutional Review Board approved the trial and all patients signed an informed consent form.
Falls
Falls data was collected prospectively by an interviewadministered questionnaire on the incidence of falls every 6 months for the entire study period of 36 months. Falls were defined as "unintentionally coming to rest on the ground, floor or other lower level". However, the exact date of the fall was not ascertained at the time of the scheduled visit.
Biochemical analysis
Fasting blood and 24 h urine samples were obtained from the subjects at baseline and at the end of the study. Blood specimens were allowed to clot and were then centrifuged at 4 • C for 15 min at 2056 × g to separate serum. All samples were stored frozen at −70 • C until analysis. Total calcium and creatinine in urine samples were determined by automated procedures (Nova Nucleus Chemistry Analyzer, Waltham, MA). Creatinine clearance (CrCl) was estimated from a 24 h urine collection and serum/urine creatinine. Estimated CrCl was calculated using the Cockcroft Gault [7] and MDRD [8] formulae. Serum 25-hydroxyvitamin D (calcidiol, 25OHD) was assayed by a competitive protein binding assay. Serum 1,25(OH) 2 D was measured by a non-equilibrium radioreceptor assay (Incstar Corp., Stillwater, MN). Serum intact parathyroid hormone (PTH) was measured with the Allegro immunoradiometric assay (Nichols Institute, San Juan Capistrano, CA).
Statistical analysis
All analyses were done by the SAS statistical package (Version 9.1, SAS Inc., Chicago). The presented results are from ITT analyses. Baseline patient characteristics and biochemical variables were compared according to CrCl with t test. Univariate comparisons of the physical performance variables were conducted with ANOVA. Poisson regression was used to examine the predictors of the cumulative number of falls at 6, 12, 24 and 36 months. Treatment group and subgroups of CrCl were considered as predictors. In a multivariate model falls were adjusted for significant confounders at each time point. The covariates used in the model were age, baseline serum 25OHD, weight, height. Serum 1,25(OH) 2 D was significantly associated with falls but was not included in the model. Data are summarized with unadjusted means and standard errors.
Results
The distribution of low CrCl by age is shown in Fig. 1 . Most values for the low CrCl group are distributed equally over the age span of the study population.
Baseline characteristics of study population
Mean measured 24 h urine CrCl (ml/min) was 50.3 ± 0.69 in women with CrCl < 60 ml/min and 80.4 ± 0.83 in women with CrCl > 60 ml/min. Significant differences for the low CrCl group were as follows: mean age 72 years -1 year older (p < 0.02); weight 65 kg -5 kg lower (p < 0.002); serum 1,25(OH) 2 D levels 33.1 pg/ml -2 pg/ml lower (p < 0.01); calcium absorption was significantly lower (p < 0.001); serum 25OHD 32.7 ng/ml and PTH 36.6 pg/ml were not significantly different. 
Falls
Out of 415 subjects who completed the study and came in for the 36-month visit, the percentage of subjects in each group having a fall at any time during the study was 64% on placebo, 49.5% on calcitriol (p < 0.001), 58% on calcitriol + ET/HT, and 57% on ET/HT alone; there was no effect of treatment on the number of fallers. Falls are distributed across the age span of the study subjects (Fig. 2) .
CrCl and falls in placebo and treatment groups
From the Poisson regression model, urine CrCl, whether measured or estimated from the CG and MDRD formulae, was a significant predictor of mean cumulative number of falls in the placebo group (p = 0.012), but not in the treatment groups. CrCl was not a significant predictor of fallers in any of the treatment groups. Comparing groups with CrCl <60 ml/min versus >60 ml/min, the mean cumulative number of falls on placebo was significantly higher in the group with CrCl <60 ml/min (OR = 1.6, 95% CI: 1.1-2.2, p = 0.012).
We compared fall incidence at different levels of CrCl <60, 60-70, 70-80, 80-90 and <90 ml/min. Only in the group <60 ml/min was there a significant increase in falls (Table 1) .
We also compared fall incidence using the CrCl classification estimated from the formulae of Cockcroft Gault and MDRD. Results were similar with only the <60 ml/min group having a significant increase in falls (Table 1) .
In women with CrCl <60 ml/min, whether measured or using the formulae, calcitriol treatment significantly reduced the cumulative number of falls by 50% (p < 0.01), calcitriol + estrogen reduced falls by 40% (p < 0.01) whereas estrogen was not effective. The effect of calcitriol treatment was evident by 12 months of treatment and statistically significant at 36 months of treatment.
Discussion
In this study of normal elderly women, we previously originally noted that a low 24 h CrCl (<60 ml/min) was associated with an increase in the number of falls but not in the number of fallers. We explored the data further by comparing fall incidence in sub groups of CrCl. There was no evidence that falls were increased in the groups with CrCl of 60-70 or 70-80 or >90 ml/min, so it would seem that this fall effect is associated only in the women with CrCl < 60 ml/min or stage III chronic renal failure. Similar results were found using CrCl estimated from the Cockroft-Gault and MDRD-4 variable formulae. These observations suggest that Cockroft-Gault and MDRD formulae easily allow one to predict which elderly women are at risk for falls from a single blood measurement and body weight, though whether this applies to women with a low body weight is not known. Calcitriol was effective in reducing falls in women with CrCl < 60 ml/min by almost 50%, there was also a marginal effect at 60-70 ml/min though it was less significant (p < 0.04). Because we saw essentially the same results on treatment with estrogen + calcitriol but not estrogen alone, the findings confirm that it is the calcitriol that is effective in reducing falls.
The results of the present study are in agreement with the recently published observations of Dukas et al. [4] [5] [6] in community-dwelling elderly men and women age 75 years, from Switzerland. They used the Cockroft-Gault formula to predict CrCl and using a cut off of <65 ml/min showed a similar association between low CrCl and falls. They showed also a significant reduction in falls on alphacalcidol which is a pro drug for calcitriol. In a recent paper they have extended their original findings to a study in more than 5000 men and women and confirmed the link between low CrCl and falls and also with fractures [6] .
A decrease in the muscle strength with aging is associated with an increased incidence of falls in the elderly [9] . Vitamin D supplementation improves muscle strength and prevents falls in the elderly [10] [11] [12] [13] , probably by increasing production of 1,25(OH) 2 D and its interaction with the highly specific nuclear receptors in muscle tissue [14, 15] . The results from our study were observed in women with a mean normal serum 25OHD of 30 ng/ml so that vitamin D insufficiency, i.e. serum 25OHD < 20 ng/ml was not a contributing cause. Several studies show that higher serum 25OHD levels of 30-32 ng/ml are needed to reduce serum PTH in the elderly so it is possible that serum 25OHD is not high enough for elderly subjects and that substrate deficiency or insufficiency may be a contributing factor, especially in areas of the world where vitamin D deficiency and insufficiency are common. However, because there is decreased conversion of 25OHD to 1,25(OH) 2 D in the aging kidney, increasing the substrate may have a limited effect [16] . An additional factor may be the status of the VDR. Receptors for 1,25(OH) 2 D in muscle have been reported to be decrease with aging [17] and if combined with the finding of lower serum 1,25(OH) 2 D could be responsible for decreased muscle strength. The group with low CrCl also had significantly lower calcium absorption and serum 1,25(OH) 2 D. Thus endogenous calcitriol, though normal, needs to be higher. There have not been many studies of simple vitamin D therapy. Two recent meta-analyses of vitamin D 400-800 IU/day on falls were not able to show a reduction in falls whereas calcitriol and its analogs were effective [18, 19] . Controlled trials are needed to compare a higher dose of vitamin D with calcitriol because of the potential benefit and economic impact of using an inexpensive therapy such as vitamin D.
